The genus Selaginella, commonly referred to as spikemosses, is an important component of the Philippines' lycophytes diversity. Mountain ecosystems in Mindanao island hold diverse species of lycophytes, however the morpho-taxonomy diversity of this group is poorly documented there. The study aimed to determine Selaginella species richness, distribution and phenetic relationships based on morphological characteristics in Mindanao island. Specimens of Selaginella were collected in Mt. Apo, Kidapawan City; Mt. Hamiguitan, Davao Oriental; Mt. Kiamo, Mt. Kitanglad, Mt. Musuan and Mt. Limbawon in Bukidnon; Mt. Timpoong, Camiguin; and Mt. Malindang, Misamis Occidental. The 24 Selaginella species were collected and subjected to numerical phenetic analysis using the PC-ORD program. A total of 11 morphological characters and 44 character states were used in the analyses. Of the 24 species, seven are Philippine endemics, four are potential new species and two species are widely distributed in the areas studied. Results of the phenetic analysis showed four major clusters.
INTRODUCTION
The Philippines is known to have a rich plant diversity that includes the lycophyte spikemoss genus Selaginella (Selaginellaceae) . Most Selaginella species are small and delicate plants which occur in abundance mainly in tropical zones of the world. Some Selaginella species are used as a source of natural medicines, vegetables, and ornamental plants (Setyawan, 2011) . In the Philippines, S. tamariscina (Beuav.) Spring is used to treat wounds, bleeding from peptic ulcers or excessive menstruation, and haemorrhoids (Setyawan, 2009 ).
In Selaginella taxonomy leaf morphology is primarily used for identification, however, Maideen et al. (2013) and Tan (1974) also recommended using stele anatomy for this purpose. Furthermore, in the Philippines, light microscopy studies were conducted by Zamora et al. (1992) and Tan (1974) to study sporangial arrangement patterns and spore ornamentation, respectively, to characterize species.
The Selaginellaceae, in spite of their species abundance, are one of the most understudied lycophyte families with many threatened taxa (Ebihara et al., 2012) . Furthermore, inadequate descriptions and fragmented studies on Philippines' Selaginella contributed to the poor taxonomic knowledge of this group (Tan, 1974) . Selected mountain ecosystems in Mindanao island, namely, Mt. Apo, North Cotabato; Mt. Hamiguitan, Davao Oriental; Mt. Kiamo and Mt. Limbawon, Bukidnon; Mt. Malindang, Misamis Occidental and Mt. Timpoong, Camiguin hold diverse species of lycophytes which includes species of the family Selaginellaceae.
This study aimed to examine morphological characters that contribute to discrimination between species. It is on these aforementioned premises that species composition, distribution and phenetic analysis of Selaginella in Mindanao island were investigated.
MATERIALS AND METHODS
Entry Protocol. Gratuitous permits (GP) were secured from (Fig. 1) . A minimum of four sample replicates of each species were collected and placed in a plastic bag and labelled with standard collecting information (i.e., collector's name, collection number, initial identification, date, and other diagnostic field characters of the plants), and processed and mounted as herbarium specimens at the University Museum of Central Mindanao University for identification and classification. A record of diagnostic characteristics of each collected species was kept in an electronic file. Initial species identification was carried out by the authors using Alston's (1935) monograph. Additionally, final species identification and confirmation were done by the late Dr. Benito C. Tan.
Numerical Analysis. Qualitative data from morphological characters (Table 1) were tabulated in a matrix and analyzed using R software (Le et al., 2008; Wickham, 2009; Wickham and Francois, 2016; Kassambara and Mundt, 2017; Maechler et al., 2017) . Different character states were encoded in a multi-state order. Each coded character state was recorded in binary order for the numerical analysis (Sneath and Sokal, 1973) .
Cluster analysis was used to estimate form resemblance between species studied. Similarity coefficients were calculated and phenograms constructed using UPGMA (Sokal and Mischener, 1958) . Euclidean distance was used to determine group linkage. Principal Component Analysis (PCA) was computed to generate a biplot plot to ascertain similarities and differences among studied species. Megaspores and microspores were measured in the equatorial plane using light microscope under low-power objective. (Fig. 2, I ) and S. cupressina (Willd.) Spring (Fig. 2, H) were the most widely distributed of all studied species which are also widespread throughout Asia as reported by Tan (2013) .
RESULTS
Phenetic Analyses Based on External Morphology. All Selaginella species collected were subjected to cluster analysis using the R software. Results of the cluster analysis showed four major clusters (Fig. 3) . Cluster I comprised the following species, S. opaca Warb., S. ornata (Hook. & Grev.) Spring, S. negrosensis, S. intermedia (Bl.) Spring, S. repanda (Desv.) Spring, S. remotifolia, S. intertexta, and Selaginella sp. A; Cluster II with the following species: S. cupressina, S. flagellifera Hieron., S. agusanensis, S. tamariscina (Beuav.) Spring, and Selaginella sp. C.; Cluster III comprises Selaginella sp. D., S. magnifica, S. gastrophylla, S. engleri Hieron., S. jagorii Warb., Selaginella sp. B., S. llanosii Hieron., S. philippina, and S. aristata Spring; Cluster IV comprises S. alligans Hieron. and S. involvens.
Cluster I was composed S. opaca, S. ornata, S. negrosensis, S. intermedia, S. repanda, S. remotifolia, S. intertexta, and Selaginella sp. A that shared the following characters:
creeping, ascending or caulescent habit, monostele stem anatomy, median leaves short aristate, non-auricled axillary leaves, megaspores yellow to black, globose and with a smooth sculpturing pattern with size ranging from 4 to 5.5 mm in diameter and microspore size ranging from 1.5 to 4 mm in diameter.
Cluster II consisted of S. cupressina, S. flagellifera, S. agusanensis, S. tamariscina, and Selaginella sp. C with the following shared characters: monostele stem anatomy, nonauricled axillary leaves, tetragonous strobili, megaspores yellow to orange to black, trilete, regulate to reticulate sculpturing pattern and size ranging from 2.6 to 6.7 mm in diameter and microspores are tetrahedral, trilete, with straight to concave sides and broadly rounded corners, yellow and size ranging from 1.3 to 2.8 mm.
Cluster III included Selaginella sp. D, S. magnifica, S. gastrophylla, S. engleri, S. jagorii, Selaginella sp. B, S. llanosii, S. philippina, and S. aristata, is characterized by erect habit with rhizophores at base, monostele to tristele stem anatomy, long aristate median leaves, non-auricled axillary leaves, anomocytic type of stomata, and megaspores yellow to orange to black, globose to monolete to trilete, size ranging from 2.6 to 9.3 mm in diameter; microspores tetrahedral, trilete, with broadly rounded corners, granulose to spinulose, yellow with size ranging from 1.6 to 2.8 mm.
Cluster IV consisted of S. alligans and S. involvens which are characterized by climbers, hemi-epiphytic, monostele stem anatomy, long aristate median leaves, non-ciliated lateral leaves, auricled axillary leaves, anomocytic stomata, tetragonous strobili, megaspores yellow, trilete, with winglike flap, verrucate or reticulate, with size ranging from 7 to 9 µm in diameter, microspores tetrahedral, spinulose, yellow with size ranging from 1.5 to 2.9 µm in diameter. I. Microspore 1 -tetrahedral, trilete, smooth, yellow 2 -tetrahedral, trilete, yellow 3 -tetrahedral, trilete triangular with straight side and broadly rounded corners, spinulose, yellow 4 -tetrahedral, triangular with slightly curved sides and broadly rounded corners, granulose, orange 5 -tetrahedral, trilete,triangular with straight to slightly concave sides and narrow rounded corners, yellow 6 -tetrahedral, trilete, granulose, yellow Findings of the present study on some of the morphological characters of some Selaginella in Mindanao island were similar to reports done by other authors on Selaginella species that are widespread in Asia like S. flagellifera, S. involvens, S. intermedia, S. remotifolia, S. repanda, and S. tamariscina. Dahlen (1988) and Maideen et al. (2013) reported monostele, tristele and polystele stem anatomical variations in Hongkong and Malaysian species of Selaginella which were also observed in species from Mindanao island.
On the other hand stomatal types of Selaginella in the present study varied as compared to the Hongkong Selaginella species that exhibited only one type of stomata which is actinocytic (Dahlen, 1988) . In terms of Selaginella megaspores, several authors reported color ranges from white and yellow to brown and black; tetrahedral, globose, trilete with smooth to reticulate rugulate to verrucate sculpturing pattern; microspores are yellow to brown, hemispherical, tetrahedral, trilete, granulose to spinulose (Korall and Taylor, 2006; Singh, et al., 2014; Singh, et al., 2016; Zhou, et al., 2015) . (2011) conducted a study on the phenotypic variation of pteridophytes belonging to different families in which total variation was quite low. As the number of assessed morphological characters increases, similarity between species also increases; even with large numbers of characters there are always some differences (Sneath, 1995) . This means that the higher the number of morphological characters to be examined in a family the higher the cumulative percentage of variation that will reveal phenotypic relationships among species.
The PCA biplot (Fig. 4) shows the variability of Selaginella species and qualitative characters in Mindanao samples along PC 1 and 2.
Species that are close together corresponded to morphological characters that have similar scores on the components displayed in the biplot (Fig. 4) . The points also corresponded to morphological variations that have similar values on the vectors. Apparently, having similar habit of climber, hemi-epiphytic (A3), non-ciliated On the other hand, the divergence of S. engleri from the rest of the species to the upper corner of the plot was characterized by erect in habit (A1), large tripinnate plant with polystele stem anatomy (B3) and megaspores that are orange, trilete, baculate and with a size ranging from 7 to 9 µm in diameter (H10). On the other hand, S. tamariscina which was characterized by radially symmetrical leaf arrangement as compared to the rest of the species studied which have distinct lateral, median and axillary leaves (Bold et al., 1980) was not seen in the plot as having diverged from the rest of the species because the radially symmetrical leaf arrangement was not included among the morphological character states that were analyzed. In their study on Philippine Selaginella, Tan (1974) and Zamora et al. (1992) reported that spore morphology and strobilar organization were responsible for the groupings of Selaginella species they have studied. Similarly, several authors reported the importance of megaspore morphology in the discrimination of Selaginella species (Korall and Taylor, 2006; Singh et al., 2014; Singh et al., 2016; Zhou et al., 2015) . Selaginella species that are closer together in the biplot have higher correlation. The clustering of majority of Selaginella species in a biplot is indicative of morphological similarities. 
